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WIDEBAND MICROSTRP UHF BALUN 

BACKGROUND OF THE INVENTION 

The present invention relates to an impedance match 
ing balun device for coupling an unbalanced transmis 
sion line or circuit to either a balanced transmission line 
or a balanced antenna. A balun, or balanced-to 
unbalanced circuit, performs the function of coupling 
an unbalanced source to a balanced load by providing at 
the load terminals two signals of approximately equal 
amplitude and 180° phase difference. Other generally 
desirable electrical properties are a good input impe 
dance match, low dissipation loss, and flat amplitude 
and group delay characteristics. The useful frequency 
bandwidth of a balun is that over which all the above 
performance factors are satisfied to a specified degree. 
Implementation of this device may be carried out by a 
number of well-known methods. Such basic forms are 
given in Sec. 43-6 of the text Antenna Engineering Hand 
book, Richard C. Johnson and Henry Jasik, editors, 
McGraw-Hill, 1984 (Second Edition). 
For application in UHF television reception in the 

frequency range 470-806 MHz, a balun is used to con 
nect a 300-ohm balanced antenna to a 75-ohm unbal 
anced coaxial cable or amplifier. It is also used to con 
nect 75-ohm cable to the 300-ohm balanced input of the 
television receiver. The most usual form in present use 
is the bifilar, transmission line type wound on a ferrite 
core. These devices at best introduce a loss of 1-2 dB 
and a mismatch in the 1.5 to 2.0 VSWR (voltage stand 
ing-wave ratio) range. In some cases the performance is 
much worse owing to the difficulty and inconsistent 
methods of manufacture, wiring, and parts placement. 
These component deficiencies tend to degrade the re 
ceiving system performance and, hence, lessen the over 
all quality of the UHF television service. 
Another known form is disclosed in U.S. Pat. No. 

4, 160,210 to Molinari. Here a half-wavelength folded 
microstrip transmission line provides the necessary 180 
phase differential at the balanced output. However, as 
the signal frequency departs from the center design 
frequency, a phase error results. For the UHF television 
band, this error is substantial at the band edges, amount 
ing to 47.4. 
Another recent example of a balun is shown in U.S. 

Pat. No. 4,725,792 to Lampe, Jr. The phase error of a 
half-wavelength line is compensated by a network com 
prising quarter-wavelength line sections. The band 
width given for a 4:1 impedance ratio, however, is 20% 
or somewhat less than required for UHF television. In 
addition, the size of the circuit becomes rather large and 
bulky at UHF frequencies in this and other examples 
which require the use of quarter-wavelength or greater 
transmission line sections. 

OBJECTS OF THE INVENTION 

With regard to the state of the art of baluns, it is a 
general objective of the present invention to provide a 
balun with improved electrical characteristics of low 
insertion loss, good input impedance match, good am 
plitude and phase balance, and flat amplitude and group 
delay response. 
Another object is to provide a balun that will func 
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tion satisfactorily over a wide frequency bandwidth of 65 
an Octave O Ore. 
A further object is to provide a balun that is of small 

size at UHF frequencies, simple and economical to 

2 
manufacture, and of such construction so as to be 
readily integrated into conventional receiving circuit 
forms. 

SUMMARY OF THE INVENTION 

The present invention comprises two single-ended 
networks connected in parallel which divide unbal 
anced input signal energy equally and introduce an 
approximate phase shift at the band center frequency of 
+90° through one network and -90 through the sec 
ond network. The balanced output signal is taken be 
tween the outputs of the two networks where the phase 
difference is 180. An equal phase slope of both net 
works about the band center frequency maintains the 
180° phase difference with small error over a useful 
bandwidth of an octave or more. The device is recipro 
cal and operates equally well with the balanced port as 
signal input and the unbalanced port as signal output. 
Other objects, features, and advantages of this inven 

tion and a more complete understanding thereof will 
become apparent from the following description taken 
in conjunction with the accompanying drawings 
wherein are set forth, by way of illustration and exam 
ple, certain embodiments of this invention. 
The drawings constitute a part of this specification 

and include exemplary embodiments of the present 
invention and illustrate various objects and features 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating principal con 
ponents of a balun embodying the present invention. 

FIG. 2 is a schematic diagram of the balun of the 
present invention with a signal source, source impe 
dance, and load impedance shown connected thereto. 
FIG. 3 is a top plan view of dielectric substrate with 

conductive traces and components implementing a mi 
crostrip embodiment of the balun of the present inven 
tO. 

FIG. 4 is an enlarged cross sectional view taken on 
line 4-4 of FIG. 3 and illustrates a ground conductor 
of the microstrip balun and connections thereto includ 
ing a shield for the balun. 
FIG. 5 is a graph showing phase shift vs. frequency 

for the two networks comprising the balun. 
FIG. 6 is a graph showing the phase error vs. fre 

quency of the two networks comprising the balun. 
FIG. 7 is a graph showing measured insertion loss vs. 

frequency for the balun of the present invention com 
pared to that of a conventional balun. 
FIG. 8 is a graph showing measured VSWR vs. fre 

quency for the balun of the present invention compared 
to that of a conventional balun. 

FIG. 9 is a graph showing measured common-mode 
decoupling vs. frequency at the balanced output of the 
balun of the present invention compared to that of a 
conventional balun. 

FIG. 10 is a graph showing common-mode decou 
pling vs. phase error for balun devices generally for 
different values of amplitude error. 
FIG. 11 is a schematic diagram illustrating a balun 

according to the present invention which incorporates a 
lumped element ladder network as a negative phase 
shift network along with a complementary ladder net 
work as a positive phase shift network. 
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DETALED DESCRIPTION OF THE 
INVENTION 

As required, detailed embodiments of the present 
invention are disclosed herein; however, it is to be un- 5 
derstood that the disclosed embodiments are merely 
exemplary of the invention, which may be embodied in 
various forms. Therefore, specific structural and func 
tional details disclosed herein are not to be interpreted 
as limiting, but merely as a basis for the claims and as a 
representative basis for teaching one skilled in the art to 
variously employ the present invention in virtually any 
appropriately detailed structure. 

Referring to the drawings in more detail: 
The reference numeral 1 generally designates a balun 

device embodying the present invention. As illustrated 
in FIG. 1, the balun 1 generally includes a negative 
phase shift network 2 and a positive phase shift network 
3 connected by a power divider 4. The power divider 4 
connects the networks 2 and 3 to an unbalanced port 5 
which is illustrated as connected to an unbalanced cir 
cuit 6. In addition, input energy is divided equally be 
tween the two networks by the power divider 4. Oppo 
site ends of the networks 2 and 3 from the power divider 25 
4 form a balanced port 7 to which is connected a bal 
anced network 8. In general, the balun 1 matches an 
unbalanced signal from the unbalanced circuit 6 to a 
balanced circuit 8 (indicated by the filled arrow heads in 
FIG. 1) or, conversely, matches a balanced signal from 30 
the balanced circuit 8 to an unbalanced circuit 6 (indi 
cated by the open arrow heads in FIG. 1). 
A preferred embodiment of the balun 1 is shown 

schematically in FIG. 2 with a signal source 14 and 
associated source impedance 15 of value Zo connected 35 
between the unbalanced input 5 and a ground 16. The 
negative phase shift network 2 has an input electrically 
connected to unbalanced input 5 and has an output 
signal V at output 17 thereof, as referenced to ground 
16. Inductors 18, 19, and 20 and capacitors 21 and 22 40 
comprise positive phase shift network 3 with an input 
electrically connected to unbalanced input 5 and with, 
an output signal V2 at an output 24, as referenced to 
ground 16. Output 17 and output 24 comprise the bal 
anced output 7 of the balun 1 across which is connected 
a load impedance 25 of value ZL. 
When each output 17 and 24 is terminated with an 

impedance of ZL/2, negative phase shift network 2 and 
positive phase shift network 3 have an input impedance 
of 2Zo thereby providing an input impedance of Zo 
when connected in parallel. The power divider 4 of 
FIG. 1 is thereby effected providing equal power to the 
two networks 2 and 3 so that the magnitude of the 
respective output voltages at the terminating imped 
ances of ZL/2 are equal. Furthermore, the positive 
phase shift network 3 has phase shift d2, and the nega 
tive phase shift network 2 has phase shift d. (Through 
out the specification and claims, the symbol 'd' is used 
to indicate the Greek letter "phi" to represent electrical 60 
phase.) The phase difference d2-d1 is 180". Under the 
above conditions, the networks 2 and 3 connected to 
form balun 1 as shown in FIG. 2 result in the balanced 
output condition, V2=-V1 in which case the load 
impedance 25 of value ZL connected to balanced output 65 
7 is functionally equivalent to the above specified termi 
nations of impedance ZL/2 connected from output 17 to 
ground 16 and from output 24 to ground 16. 
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4. 
The illustrated negative phase shift network 2 is de 

signed as a linear phase network having phase shift 
characteristic: 

db = -kilf (1) 

The positive phase shift network 3 is derived from a 
linear phase prototype and has phase shift characteris 
tic: 

db= k2/f (2) 

The design of networks 2 and 3 is readily accomplished 
using well-known network synthesis techniques. In the 
above equations, f is the frequency normalized to the 
lower frequency edge of the desired operating and. 
Throughout the following text, normalized frequencies 
will be referred to unless qualified by a frequency unit 
(Hertz). If the quantity x is defined as the ratio of upper 
frequency edge to lower frequency edge of the desired 
operating band, then in order to achieve minimum 
phase error of the antiphase output condition over the 
desired operating band, design constants k and k2 are 
selected as: 

In this case, the maximum phase error over the operat 
ing band is: 

dERR=180'I(x-1)/(x+1) (5) 

and occurs at the band edge frequencies f= 1, f=x and 
the intermediate frequency f=x}. Zero phase error 
occurs at the two frequencies: f=qt(q2-x), where 
q=90/k1. 
FIG. 5 illustrates the operating principle in achieving 

the antiphase output condition over the octave band 
450-900 MHz. The network phase shifts are plotted 
using equations (1) and (2) where the design parameters 
are x=2, k1=61.8 and k2=123.5'. The midband phase 
shifts are approximately 90' and the overall phase 
slopes are equal in order to maintain approximately 
constant phase differential. 
The phase error from the desired 180° phase differen 

tial is de= d2-d1-180' and is plotted in FIG. 6. The 
maximum error is -5.3' and occurs at the band edges 
and (2)450 MHz=636.4MHz. Zero-error crossings are 
at 498 MHz and 8.4 MHz. 
The group delay is approximately constant over the 

operating band since the d2 curve tracks the linear d1 
phase characteristic to within 5.3". The group delay for 
the present example is 0.38 ns. For other bandwidths 
and frequencies it may be calculated by 

id=(x+1) fill (6) 

where f is the actual, de-normalized lower band edge 
frequency. 
A microstrip embodiment of the balun 1 of FIG. 2 is 

shown in FIGS. 3 and 4 for most effective operation in 
the UHF frequency band 470-806 MHz. The balanced 
to-unbalanced impedance transformation ratio is 4.1, 
that is ZL = 4Zo. A dielectric substrate 30 has ground 
conductor layer 31 applied to the complete lower sur 
face. The upper surface of dielectric substrate 30 con 
tains conductive microstrip lines and components com 
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prising balun 1. The unbalanced input 5 is at the left 
edge of an illustrated input line 32. A line 33 connects 
the input of positive phase shift network 3 to the right 
side (as viewed in FIG. 3) of input line 32 and to the 
input of delay line 28. Output 17 is the right edge of a 
line 34 which connects to the output of delay line 28, 
while output 24 is the right edge of line 35 which con 
nects to the output of positive phase shift network 3. 
The balanced output 7 is taken between output 17 and 
output 24. The characteristic impedance of delay line 28 
and lines 33, 34, and 35 is 2Zo. The characteristic impe 
dance of input line 32 is Zo. Components 18-22 are 
arranged to make the electrical connections shown in 
the schematic representation of FIG. 2. Grounds 16 for 
components 18-20 are made by connection through 
substrate 30 to ground conductor 31, as shown in FIG. 
4. 
Using G-10 glass-epoxy material of thickness 60 mils 

for dielectric substrate 30 and designing for Zo=50 
ohms, the width of line 32 is 132 mils; the width for lines 
33, 34, and 35 is 32 mils; and the width for delay line 28 
is 20 mils. The delay line 28 is a microstrip line that has 
been folded to save space and provide a smaller size. 
The spacing between each folded section is 125 mils. 
The overall electrical length of delay line 28 plus line 34 
less the combined electrical length of line 33 and line 35 
is approximately 73 at 470 MHz. The values of compo 
nents 18-2222 for the positive phase shift network 3 are 
as follows: 

C = 3.9 pF 
C2 = 3.9 pF 
L = 68 mH 
L2 = 33 nh 
L3 = 68 inh 

Measured electrical performance is shown in FIGS. 
7-9 comparing the present microstrip embodiment to a 
conventional ferrite balun/matching transformer de 
vice. FIG. 7 shows insertion loss to be 0.25 dB and 
constant over the frequency range, much improvement 
over the ferrite device. Loss is approximately equal in 
the delay line 28 and positive phase shift network 3 and 
even lower loss may be obtained by the use of better 
dielectric material for substrate 30 and better inductor 
components 18-20. Improved input matching is shown 
in FIG.8 with a VSWR (voltage standing-wave ratio) 
less than 1.2. Further improvement is possible with 
careful adjustment, and inherent performance is not 
limited to the VSWR obtained presently. 
The most basic balun function of common-mode de 

coupling is shown in FIG. 9 to be greater than 27 dB 
over the 470-806 MHz frequency band and represents 
an improvement over that entire range to the prior art 
decoupling. In terms of amplitude and phase error at the 
balanced output 7, decoupling is expressed by 

CaB= 10 log2(1-2a cos de/(1+a)) (7) 

where amplitude ratio a=abs(V2/V1) or abs(V1/V2); 
amplitude error in dB is abs(20 loga); abs() indicates 
absolute value; and phase error de=gb2-db1-180. 

Equation (7) compares on an equal power basis the 
sum of output voltages V1--V2 of the balanced mode, 
with approximately equal and anti-phase outputs, to the 
common mode with equal, in-phase outputs. It is plotted 
in FIG. 10 with decoupling in terms of phase error for 
varying degrees of amplitude error. The amplitude and 
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6 
phase error for the measured device may be inferred 
from FIG. 9 by noting that the two points of maximum 
value 36 dB are due to amplitude error only of 0.28 dB. 
By equation (7), this assumed constant amplitude error 
and a maximum phase error of 4.8 produce the 27 dB 
minimum measured decoupling. Thus, the common 
mode decoupling measurement in particular demon 
strates well the correct operation of the present micro 
strip embodiment. 
The microstrip balun 1 of FIGS. 3 and 4 is readily 

manufactured using conventional printed circuit photo 
etching methods and efficient automated placement and 
attachment of components 18-22 to the printed circuit 
board. Benefits derived are low cost and consistent 
performance. The microstrip embodiment described is 
especially suitable for use with other circuits such as an 
amplifier or tuner because they are very often of similar 
construction and so may be combined with the balun 1 
into a single, integrated unit. The position of the unbal 
anced input 5 and the balanced output 7 on opposing 
sides simplifies the addition of associated circuitry or 
connectors and provides good isolation between these 
signals and circuits. Further utility is achieved with the 
single-ended, microstrip construction in that perfor 
mance is not disturbed by objects in close proximity, 
thereby making a shield unnecessary. If shielding is 
desired, tests with a shield cover 38 (FIG. 4) as close as 

inch above the circuit side of substrate 30 show no 
significant change in operation. 

Referring to FIG. 3, the substrate 30 may be an indi 
vidually manufactured component or may be manufac 
tured as a portion of a larger circuit board having other 
components (not shown) thereon. In either case, it may 
be desirable to operate a balanced circuit portion with 
out ground. If so, ground conductor layer 31 is termi 
nated by a margin (indicated by broken line 40) beneath 
the balanced output lines 34 and 35 with the output 
terminals 17 and 24 on an opposite side of the margin 40 
from the remainder of the balun 1. The portions of lines 
34 and 35 located on this opposite side together form a 
balanced transmission line. Alternatively, the single 
ended nature of each of the balanced output lines 34 and 
35 may be maintained by extending the margin 40 of the 
ground conductor layer 31 to the balanced port termi 
nais 17 and 24. 
FIG. 11 illustrates a modified embodiment 50 of the 

balun according to the present invention which incor 
porates a negative phase shift network 51 implemented 
as a lumped element ladder network along with a posi 
tive phase shift network 52 similarly implemented as a 
lumped element ladder network. The negative phase 
shift network 51 is formed by alternately connected 
series inductors 53 and parallel capacitors 54. The posi 
tive phase shift network 52 is formed similar to the 
network 3 of the balun 1 with series capacitors 55 and 
parallel inductors 56. One end each of the networks 51 
and 52 are coupled or connected to define an unbal 
anced port 57. The uncoupled ends of the network 51 
and 52 define a balanced port 58. 

It is to be understood that while certain forms of the 
present invention have been illustrated and described 
herein, it is not to be limited to the specific forms or 
arrangement of parts described and shown. 
What is claimed and desired to be secured by Letters 

Patent is as follows: 
1. A balun for converting between unbalanced and 

balanced signals over a selected operating band and 
comprising: 
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(a) a positive phase shift network causing a phase shift 
between opposite ends of said positive network of 
substantially --90 at a band center of said operat 
ing band; 

(b) a negative phase shift network causing a phase 
shift between opposite ends of said negative net 
work of substantially -90 at said band center; 

(c) said networks being coupled at one end of each to 
form an unbalanced port; 

(d) opposite ends respectively of said networks form 
ing a balanced port thereacross; and 

(e) said networks being configured to have substan 
tially linear phase shift variations through said 
operating band in which said operating band is in 
excess of an octave whereby a substantially con 
stant phase differential occurs between respective 
ends of said networks over said operating band. 

2. A balun having an unbalanced port and a balanced 
port with first and second terminals, said balun for con 
verting between unbalanced and balanced signals over 
an operating frequency band and comprising: 

(a) a first network having an input and an output and 
being a negative phase shift network; 

(b) a second network having an input and an output 
and being a positive phase shift network; 

(c) said inputs of said first network and said second 
network being coupled to form said unbalanced 
port; 

(d) said outputs of said first network and said second 
network forming said first and second terminals 
respectively of said balanced port; 

(e) said first network having a phase shift from input 
to output which is substantially -90 at a center 
frequency of said operating frequency band; 

(f) said second network having a phase shift from 
input to output which is substantially +90° at said 
center frequency; and 

(g) said second network having a phase characteristic 
from input to output described substantially by 
d2 = k2/f over said operating frequency band, 
wherein k2 is a design constant for said second 
network, which is selected to cause said second 
network and said first network to provide a sub 
stantially constant phase differential over said op 
erating band, and f is signal frequency normalized 
to a lower frequency edge of said operating fre 
quency band. 

3. A balun having an unbalanced port and a balanced 
port with first and second terminals, said balun for con 
verting between unbalanced and balanced signals over 
an operating frequency band and comprising: 

(a) a first network having an input and an output and 
being a negative phase shift network; 

(b) a second network having an input and an output 
and being a positive phase shift network; 

(c) said inputs of said first network and said second 
network being coupled to form said unbalanced 
port; 

(d) said outputs of said first network and said second 
network forming said first and second terminals 
respectively of said balanced port; 

(e) said first network having a phase shift from input 
to output which is substantially -90 at a center 
frequency of said operating frequency band; 

(f) said second network having a phase shift from 
input to output which is substantially --90' at said 
center frequency; 
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8 
(g) said first network having a phase characteristic 
from input to output described substantially by 
db = -kuf over said operating frequency band, 
wherein k1 is a design constant for said first net 
work and f is signal frequency normalized to a 
lower frequency edge of said operating frequency 
band; and 

(h) said second network having a phase characteristic 
from input to output described substantially by 
db2=k2/f over said operating frequency band, 
wherein k2 is a design constant for said second 
network. 

4. A balun as set forth in claim 3 and including: 
(a) a one-to-two, equal power, power dividing circuit 
having an input, a first output, and a second output; 
and 

(b) said power dividing circuit coupling said inputs of 
said first and second networks respectively to said 
first and second outputs of said power dividing 
circuit whereby said input of said power dividing 
circuit form said unbalanced port. 

5. A balun as set forth in claim 3 and including: 
(a) an unbalanced transmission line connected to and 

extending from said unbalanced port. 
6. A balun as set forth in claim 3 and including: 
(a) a two-conductor balanced transmission line con 

nected to and extending from said balanced port. 
7. A balun as set forth in claim 3 and including: 
(a) a first unbalanced transmission line connected to 
and extending from said first terminal of said bal 
anced port; and 

(b) a second unbalanced transmission line connected 
to and extending from said second terminal of said 
balanced port. 

8. A balun as set forth in claim 3 wherein: 
(a) said first network is a negative phase shift ladder 
network comprising alternately connected series 
inductors and parallel capacitors. 

9. A balun as set forth in claim 3 wherein: 
(a) said second network is a positive phase shift lad 

der network comprising alternately connected se 
ries capacitors and parallel inductors. 

10. A balun having an unbalanced port and a bal 
anced port with first and second terminals, said balun 
for converting between unbalanced and balanced sig 
nals over an operating frequency band and comprising: 

(a) a first network having an input and an output; 
(b) a second network having an input and an output; 
(c) said inputs of said first network and said second 

network being coupled to form said unbalanced 
port; 

(d) said outputs of said first network and said second 
network forming said first and second terminals 
respectively of said balanced port; 

(e) said first network having a phase shift from input 
to output which is substantially -90' at a center 
frequency of said operating frequency band; 

(f) said second network having a phase shift from 
input to output which is substantially --90' at said 
center frequency; 

(g) said first network having a phase characteristic 
from input to output described substantially by 
db = -kf over said operating frequency band, 
wherein k is a design constant for said first net 
work and f is a signal frequency normalized to a 
lower frequency edge of said operating frequency 
band; 
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(h) said second network having a phase characteristic 
from input to output described substantially by 
db2k2/f over said operating frequency band, 
wherein k2 is a design constant for said second 
network; 

(i) a balanced impedance of ZL connected to said 
balanced port being coupled and matched to an 
unbalanced impedance of Zo connected to said 
unbalanced port; O 

(j) an input conductance of said first network being 
equal to an input conductance of said second net 
work when the output of said first network and the 
output of said second network are each terminated 
by an impedance of ZL/2; and 15 

(k) an input impedance of said first network in paral 
lel combination with an input impedance of said 
second network being equal to the complex conju 
gate of said unbalanced impedance Zo when the 
output of said first network and the output of said 
second network are each terminated by an impe 
dance of ZL/2. 

11. A balun as set forth in claim 10 and including: 
(a) a dielectric substrate having first and second op-25 

posed, substantially parallel surfaces; 
(b) said first network and said second network being 

positioned upon said first surface of said substrate; 
and 

(c) a planar ground conductor disposed on said sec- 30 
ond surface of said substrate. 

12. A balun as set forth in claim 11 wherein: 
(a) said first network is a negative phase shift ladder 
network comprising alternately connected series 35 
inductors and parallel capacitors. 

13. A balun as set forth in claim 11 wherein: 
(a) said second network is a positive phase shift lad 
der network comprising alternately connected se 
ries capacitors and parallel inductors. 40 

14. A balun as set forth in claim 11 and including: 
(a) a conductive electromagnetically shielding cover 

placed above said first surface of said substrate and 
above said first and second networks; and 

(b) said cover being electrically connected to said 
ground conductor. 

15. A balun having an unbalanced port and a bal 
anced port with first and second terminals, said balun 
for converting between unbalanced and balanced sig- 50 
nals over an operating frequency band and comprising: 

(a) a first network having an input and an output; 
(b) a second network having an input and an output; 
(c) said inputs of said first network and said second 
network being coupled to form said unbalanced 55 
port; 
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(d) said outputs of said first network and said second 
network forming said first and second terminals 
respectively of said balanced port; 

(e) said first network having a phase shift from input 
to output which is substantially -90 at a center 
frequency of said operating frequency band; 

(f) said second network having a phase shift from 
input to output which is substantially --90 at said 
center frequency; 

(g) said first network having a phase characteristic 
from input to output described substantially by 
cb1 = -kif over said operating frequency band, 
wherein K1 is a design constant for said first net 
work and f is signal frequency normalized to a 
lower frequency edge of said operating frequency 
band; 

(h) said second network having a phase characteristic 
from input to output described substantially by 
db2=k2/f over said operating frequency band, 
wherein k2 is a design constant for said second 
network; 

(i) a balanced impedance of ZL connected to said 
balanced port being coupled and matched to an 
unbalanced impedance of Zo connected to said 
unbalanced port; 

(j) an input conductance of said first network being 
equal to an input conductance of said second net 
work when the output of said first network and the 
output of said second network are each terminated 
by an impedance of ZL/2; 

(k) an input impedance of said first network in paral 
lel combination with an input impedance of said 
second network being equal to the complex conju 
gate of said unbalanced impedance Zo when the 
output of said first network and the output of said 
second network are each terminated by an impe 
dance of ZL/2; 

(1) a dielectric substrate having first and second op 
posed, substantially parallel surfaces; 

(m) said first network and said second network being 
positioned upon said first surface of said substrate; 

(n) a planar ground conductor disposed on said sec 
ond surface of said substrate; 

(o) said first network including a microstrip transmis 
sion line disposed on said first surface of said sub 
strate; 

(p) said balanced impedance ZL and said unbalanced 
impedance Zo being related substantially by 
ZL=4Zo; and 

(q) said microstrip transmission line having a charac 
teristic impedance of 2Zo. 

16. A balun as set forth in claim 15 wherein: 
(a) said microstrip transmission line is disposed in a 

folded, back-and-forth pattern on said first surface 
of said substrate. 

: . . . . 


